Monte-Carlo method in performance robustness criterion

A brief history of Monte-Carlo method
Monte-Carlo method is also called random sampling technology or statistical testing method. In 1946, a physicist named Von Neumann simulated neutron chain reaction on computer by random sampling method called Monte-Carlo method. This method is based on the probability statistics theory and the random sampling technology. With the further development of computer, the vast random sampling test became viable. So it was consciously, widely and systematic used in mathematical and physical problems. The Monte-Carlo method is also a new important branch of computational mathematics.
In the late 20th century, Monte-Carlo method is closely linked the computational physics, computational statistical probability, interface science of computer science and statistics, and other boundary discipline. In addition, the Monte-Carlo method also plays a role for the development of computer science. In order to show the new performance evaluation method of mainframe which has multi-program, variable word length, random access and time-shared system, the performance of developed computer was simulated and analysed on the other computer. The relationship could be clear via the study on different target.
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In power system, Monte-Carlo method was applied in reliability assessment of generation and transmission system, the software was design and the application was successful (Ding & Zhang, 2000) .
Performance robustness criterion based on Monte-Carlo method
Consider the SISO system as follows:
In this system, N(s) and D(s) are coprime polynomials, and D(s)'s order is greater than or equal N(s)'s order, L is rational number greater than or equal to zero. The controlled model is some uncertain, and the parameters of N(s) and D(s) are variable in bounded region. So, the model is a group of transfer function denoted by {G(s)}. The control system is shown in figure 1 . The parameters K p , K i , K d are positive number, and all of the PID controllers compose a controller group denoted by {PID}.
The PID tuning methods are used on the nominal controlled models, and the closed-loop systems are obtained. The overshoot %  and adjustment time T s are considered as dynamic performance index. Because the controlled models are a group of transfer function, the dynamic performance index is a collection, denoted by:
Obviously, it is a collection of two-dimension vector an area in plane plot. The distance between this area and origin reflects the quality of control system, and the size of this area shows the dispersion of performance index, that is the performance robustness of control system.
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1. Confirm the controlled model transfer function and parameter variety interval, and the transfer function group is obtained. 2. Confirm the compared PID tuning methods, and choose the appropriate experiment times N to ensure the dispersion of performance index invariable when the N is larger. 3. Tuning PID controller for the nominal model. 4. In every experiment, a specific model is selected from the transfer function group by a rule (random in this paper). With the PID controller obtained in step three, the step response of closed-loop PID control system is tested, and the overshoot and adjustment time could be measured. 5. Repeat the step 4 N times, and plot the performance index on coordinate diagram. So, the N points compose an area on the coordinate diagram. 6. Repeat the step 3-5 by different tuning methods. 7. Compare the performance index of different tuning methods.
In next section, performance robustness is applied on PID control system comparison.
Performance robustness comparisons
Performance robustness comparison of typical PID control systems
In this section, we consider four typical models as follows:
2. Second-order-plus-time-delay model (SOPTD) 3. High-order model
4. Non-minimum model
The classical PID tuning methods are showed in If the tuning object is zero overshoot, the selection of IMC method free parameter T f will only correlate to delay-time L. We fit the approximate relation between L and T f .
where p 1 =-1.7385×10 -5 ，p 2 =3.0807×10 -3 ，p 3 =0.3376，p 4 =5.6400.
The different transfer function models can be simplified and transferred to FOPTD model (Xue, 2000) .
Suppose the FOPTD (4).
Calculate the first and second derivative and then we obtain 
We can get L and T from equation above, and the system gain can be obtained directly by k=G(0).
So, in actual application, if we have the transfer functions, the more accurate FOPTD equivalent models will be get.
For example, the transfer function is
The approximate FOPTD model is 
The step response is shown in figure 2.
For FOPTD model (4), the L/T is very important. So, there are three cases to be discussed L<T, L≈T and L>T. The parameters and simulation results are shown in table 2, 3, figure 3, 4 and 5. Table 6 . Performance index of Non-minimum model From the simulation results above, it is clear that the GPM method and IMC method are superior to other compared tuning methods.
Performance robustness comparison of DDE and IMC
The desired dynamic equation method (DDE) is proposed for unknown models. This twodegree-of-freedom (2-DOF) controller designing can meet desired setting time, and has physical meaning parameters (Wang et al., 2008) .
In this section, we consider 15 transfer function models as follows. Most of High-order model is series connection of inertial element in industry field (Quevedo, 2000) . But, the simple PID is hard to control them because of the delay cascaded by inertial elements. The simulation results are shown in table 11 and 12.
www.intechopen.com The Non-minimum model has the zeros and poles on right half complex plane or time delay. The simulation results are shown in table 13 and 14.
Model Controller
Step response Performance robustness DDE IMC Table 14 . Performance index of Non-minimum model
For Non-minimum model, the two method has similar step response, but the undershoot is smaller with DDE method. DDE method also has good performance robustness.
Integral is the typical element in control system. If a system contains an integral, it will not be a self-balancing system. It is open-loop unstable and easy to oscillate in close-loop. So it is hard to obtain a good control effect. The simulation results are shown in table 15 and 16.
The simulation results of Model with integral shows that the overshoot of IMC method is much larger than DDE method, and DDE method is much quicker than IMC method. The performance robustness of DDE method is better than IMC method.
The comprehensive comparison is shown in table 17.
Step response Performance robustness DDE IMC Simulation results show that DDE method has better performance robustness than GPM method generally. Apparently, the points on overshoot ~ adjustment time plane of DDE method concentrate more together near the bottom left corner than GPM method. Except the G P3 result, the points on gain margin ~ phase margin plane of DDE method are more concentrated than GPM method. 
Conclusions
Combined the Monte-Carlo method, this chapter gives a new method to test the performance robustness of PID control system. This method do not need complex mathematical reasoning, but the simple simulations and visible results are easy to be accepted by engineers. The large numbers of simulations have been done to study the performance robustness of different PID tuning method with the proposed criterion. We can see that the IMC method and GPM method are superior to other classical method. Then the DDE method which does not base on precise model is compared with IMC method and GPM method. The simulation results show that the DDE method perform better than the other two methods in general, especially on the models which the IMC method and GPM method have to design controllers based on approximate model. So, the proposed performance robustness criterion is effective to test PID type controller.
Although PID control is the most popular control method in the industry field, the advanced control theory is developing all the time. We are making effort to apply proposed performance robustness criterion on other type controller.
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